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Botrytis cinerea is a serious pathogen that attacks economically important crops such as lettuce, carrots, tobacco, strawberries and grapes [1] . The increase in the quantities of commercial fungicides needed to control the disease produced by this fungus has generated environmental problems. Many fungicides are persistent enough to be detected after several weeks in treated grapes and even after vinification [2, 3] . Moreover, B. cinerea has developed resistance to some fungicides [4, 5] . As a consequence, it has become necessary to identify new lead agents that possess high levels of desirable antifungal activity, reduced levels of unwanted toxicities, new structural types, and perhaps different modes of action [6] .
Natural product-based fungicides have the ability to decompose rapidly, reducing risk to the environment with the added advantage that they exhibit unique modes of action and low mammalian toxicity. These characteristics make natural product-based fungicides a viable alternative to conventional synthetic agrochemicals.
In previous works we have conducted studies of the antifungal activity of compounds from the wood of Juniperus lucayana Britton (sabina), a plant that grows only in Cuba, Jamaica and the Bahama Islands, and found that ethanolic extracts exhibited good antifungal activity against the phytopathogen B. cinerea [7] .
Study of the chemical composition of this extract afforded three new sesquiterpenes: 3-hydroxy pseudowiddran-6(7)-en-4-ol (1), 15-hydroxyallo cedrol (2) and 12-hydroxywiddrol (3), six known sesquiterpenes and two known flavonoids [8] . All of them were evaluated for their antifungal activity against B. cinerea. Widdrol (4) turned out to be the most active, showing mycelial growth inhibition from 50 ppm and retaining an inhibition percentage of 58% and 71% at 100 and 200 ppm, respectively after six days [8] .
On the other hand, studies on the detoxification of widdrol by B. cinerea and Colletotrichum gloeosporioides [9] indicated that oxidation at C-10 of the widdrol skeleton leads to a pronounced decrease in antifungal activity.
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All of these data suggest that positions 4 and 12 of the widdrol skeleton are vital to the antifungal activity of these compounds. With a view to developing semisynthetic derivatives with improved activity against pathogenic fungi affecting commercial crops, we chose 3 as the lead compound and proposed positions 4 and 12 as candidates for modification.
A structure survey of antifungal compounds revealed that a significant number of them bear either oxime or related groups, which seem to be the pharmacophore [10] . Furthermore, numerous oximes have been developed as antifungal agents [11] . For example, oxiconazole is a well-known antifungal agent with a broad spectrum of activity, characterized by having an oxime ether group [10, 12] , and Kresoxim methyl, an agrochemical fungicide developed by BASF [13] .
With this in mind, 12-hydroxywiddrol (3), which served as the starting material for the chemical transformations, was isolated, as previously described [8] from the wood of J. lucayana and converted to the ketone 5 [14] by treatment with NaIO 4 (see Scheme 1) . Spectroscopic data of 5 coincided with those previously described [14] .
Treatment of 5 with hydroxylamine hydrochloride led to the isolation of two compounds, 6a and 6b, whose 1 H NMR data were very similar, except for the chemical shift of the protons assigned to C-3 and C-5. Compound 6a showed a [M] + peak at m/z 222 and a 13 C NMR spectrum consistent with the molecular formula C 14 H 23 NO. The absence in the 13 C NMR spectrum of the characteristic signal of the carbonyl group at δ 209.4, and the appearance of a signal at δ 162.4, characteristic of a C=N bond, were consistent with the formation of the oxime 6. Compound 6b was unstable and was transformed into 6a only in CDCl 3 solution. This fact, together with the similar 13 C NMR spectrum, which only differs in the chemical shift of carbons 3 and 5, led us to the conclusion that both compounds were conformational isomers. The conformational isomerism has a profound effect on the chemical shift of carbons and protons positioned α (H α, C α ) to the iminyl carbon atom. It is known that C αsym always resonates at a higher field than C αanti [15] , while H αsym resonates at a lower field than H αanti [16] . Compound 6b displayed a 2.3 ppm shielding at C-3 (δ 30.1) and a 1.9 deshielding at C-5 (δ 25.2), relative to the 6a isomer (δ 32.3 and δ 23.3, respectively). These data, together with the differences observed between the chemical shifts of the H-3 and H-5 protons, indicated that 6a was the E isomer and 6b the Z.
To obtain hydrazone derivatives, ketone 5 was independently treated with 2,4-dinitrophenyl hydrazine and 2-hydroxyethylhydrazine in EtOH/ H 2 SO 4 , yielding compounds 7 and 8, respectively.
The absence of the characteristic carbonyl group signal at δ 209.4 in 13 C NMR of compound 7, and the appearance of new signals corresponding to the N-2,4-dinitrophenyl group (δ 145.2, 137.6, 129.9, 129.0, 123.6 and 116.4) confirmed its structure. Compound 8 showed the absence of a signal corresponding to the ketone group and the appearance of new signals characteristic of an N-2-hydroxyethyl group (δ 68.9 and 60.9) in 13 C NMR. Nevertheless the presence of vinylic signals corresponding to two double bonds in the 1 H NMR and 13 C NMR indicate that a tautomeric equilibrium had occurred. Correlations observed in the HMBC spectrum between the two vinylic protons at δ 6.84 and 6.14 ppm with both 13 C NMR signals corresponding to quaternary vinylic situated at δ 166.7 and 156.0 ppm suggested a conjugate diene structure for this compound. In addition, the signal at δ 166.7 ppm was correlated with the 1 H NMR signal corresponding to the three methyl groups (δ 1.21, 1.18 and 1.02) confirming structure 8 for this compound.
The in vitro antifungal activity of the synthesized compounds 6a, 7 and 8 against B. cinerea was evaluated ( Figure 2 ). Compound 8 exhibited no fungal growth inhibition, even at the higher concentration of 150 ppm, while 7 exhibited modest activity at 100 ppm, but was inferior to that of 4 and 3. Oxime 6a, however, exhibited very good antifungal activity at 100 ppm, with mycelial growth inhibition of 73% after three days, significantly better than that of widdrol (4) and 12-hydroxywiddrol (3).
In conclusion, minor structural modifications of the widdrol skeleton have led to a new compound with improved antifungal activity, indicating that further structural modification could produce a good candidate from this series for development as an inhibitory agent. 
Experimental
General: Optical rotations were determined with a Perkin-Elmer 241 polarimeter. IR spectra were recorded on a Mattson Genesis spectrophotometer, series FTIR. 1 H and 13 C NMR measurements were obtained on Varian Inova 400 and 600 MHz NMR spectrometers with SiMe 4 as the internal reference. Mass spectra were recorded on GC/MS Agilent-LR and Finnigan MAT95 S instruments. HPLC was performed with a Hitachi/Merck L-6270 apparatus equipped with an UV/Vis detector (L 4250) and a differential refractometer detector (RI-71). TLC was performed on Merck Kieselgel 60 F 254 layers, 0.2 mm thick. Silica gel (Merck) was used for column chromatography. Purification by means of HPLC was conducted using a silica gel column [Lichrospher Si-60 column (10 µm, 1 cm wide, 25 cm long)] for semipreparative HPLC. 7α,11α,11β-trimethylbicyclo[3.4 .0]undec-1-en-4-one (5): 442 mg of NaIO 4 was added to 123 mg of compound 3 dissolved in THF:H 2 O (5:1) and the reaction mixture was stirred for 6.5 h. Water was then added and the mixture extracted three times with ethyl acetate. The organic layer was dried over anhydrous sodium sulfate and evaporated under reduced pressure. The crude material was then purified by silica column chromatography using n-hexane:EtOAc (9:1), yielding 65.9 mg of compound 5 [14] .
Chemical transformations

Treatment of 5 with hydroxylamine hydrochloride:
A solution of hydroxylamine hydrochloride (46.4 mg, 0.67 mmol) and sodium acetate (92.8 mg, 1.13 mmol) in water (500 μL), 23.2 mg (0.11 mmol) was added to ketone 5. The reaction mixture was stirred for 25 min and then extracted with diethyl ether. The organic layer was concentrated under reduced pressure and purified by column chromatography (silica, n-hexane:EtOAc 9:1). Final purification by analytical HPLC, using the same eluent and a flow of 1.0 mL/min, yielded compounds 6a (7.9 mg, 31.6 %) and 6b (2.6 mg, 10.4 %). 08 (3H, s, H-14) . General procedure for formation of hydrazone: A solution of the corresponding hydrazine in EtOH and a drop of H 2 SO 4 was added to the ketone 5 and the reaction mixture was stirred for 40 min. Water (4.0 mL) was added, followed by a saturated solution of Na 2 CO 3 to obtain a neutral pH, and then 20 mL of water was added and the mixture extracted with CH 2 Cl 2 . The organic layer was dried over anhydrous sodium sulfate and concentrated under reduced pressure to yield the desired compound. Microorganism: The B. cinerea culture used in this work, Bc 2100, was obtained from the "Colección Española de Cultivos Tipos (CECT)", Universidad de Valencia, Facultad de Biología, Spain, where a culture of this strain is on deposit.
Antifungal assays. Poison food technique:
Pure compounds were dissolved in ethanol providing concentrations ranging from 100 to 500 mg/L. Antifungal assays were then carried out in accordance with the poison food technique [11] . Solutions of the tested compounds were added to a glucose-malt-peptone-agar (61 g/L of glucose (20 g)-malt (20 g)-peptone (1 g)-agar (20 g), pH 6.5-7.0). The final ethanol concentration was identical in both control and treated cultures. The medium was poured into sterile plastic Petri dishes measuring 9 cm in diameter and 1 cm diameter mycelial discs of fungus cut from an actively growing culture were placed at the center of the agar plates. Inhibition of radial growth was measured during six days. Growth inhibition was calculated as the percentage of inhibition of radical growth relative to the negative control. Two independent assays were conducted, each in triplicate. The results are shown as mean values of colony diameters; (± SD). Radical growth inhibition was measured for 6 days.
